Alpheidae are a highly diverse group of carideans with various life histories. They are known to possess specialized body forms and appendages, form facultative and obligate symbiotic relationships, and even exhibit complex behaviors like eusociality. This study represents the first documented association between the alpehid shrimp Alpheus rapax Fabricius, 1798 and the gobiid fish Myersina macrostoma. An undocumented behavioral display was observed in eight A. rapax individuals. The display was only performed in newly molted individuals while within their respective burrows in the presence of light. The display consisted on the following repetition: shrimp shifted its entire body forwards, with the cephalothorax angled downwards with respect to the pleon and both chelipeds extended forwards and towards each other; body jerked rapidly backwards with pleon curled and walking pereiopods extended; cephalothorax angled upwards, while the chelipeds were spread apart and moved backwards; and continuous undulations of pleopods. The display was hypothesized to either contribute to physiological requirements post molting or as a dishonest signal.
INTRODUCTION
Alpheidae Rafinesque, 1815, commonly known as snapping shrimp, includes over 663 species that exhibits diverse life histories (Anker et al., 2006; De Grave and Fransen, 2011) . Many alpheids live in permanent symbiotic associations with a range of organisms, including sponges (Duffy, 1996) , cnidarians (Glynn, 1980; Knowlton, 1980; Banner and Banner, 1982) , echinoderms (Kropp, 1987; VandenSpeigel et al., 1998; Marin et al., 2005) , molluscs (Bruce, 1976) , echiuran worms (Anker et al., 2005 (Anker et al., , 2007 , some crustaceans (Felder and Rodriguez, 1993; Froglia and Atkinson, 1998; Dworschak et al., 2000; Anker et al., 2001; Silliman et al., 2003) , and gobiid fish (Karplus, 1987) .
One particular species, Alpheus rapax Fabricius, 1798 (Fig. 1 ) is reported to form associations with several species of gobiid fish; these include Ctenogobiops maculosus (Fourmanoir, 1955) (Karplus et al., 1981) , Psilogobius mainlandi Baldwin, 1972 (Preston, 1978 , Cryptocentrus octofasciatus Regan, 1908 (Macnae and Kalk, 1962) , and Vanderhorstia delagoa (Barnard, 1937) (Macnae and Kalk, 1962) . Our study reports the first record of association of A. rapax and the gobiid fish Myersina macrostoma Herre, 1934 . These shrimps make subterranean burrows in sandy-silt substrate. Similar to other congeners, burrows were often shallow and branches off irregularly (Yanagisawa, 1984) . Ex-situ observations were made of associated goby and shrimps pairs in tanks with artificial burrows. While studying several behavioral aspects of A. rapax, an undocumented behavior was observed multiple times. This paper aims to: 1) determine * Corresponding author; e-mail: dbszj@nus.edu.sg cues that elicited this display, 2) document the display, and 3) hypothesize its possible significance.
MATERIALS AND METHODS
Between October 2010 and February 2011, 40 specimens of A. rapax (between 30.0-47.0 mm) were hand-collected from the littoral zone of Pasir Ris Park, Singapore (N01°38 37.7 , E103°94 80.2 ). Each shrimp was housed in a tank (8.5 × 13 × 9 cm) with 3 cm of fine gravel substrate, and one plastic tube (of 2.8 cm diameter and 11.5 cm length) as a burrow substitute. Seawater was constantly aerated (30-33h and 26-28°C) and partially changed weekly. Tanks were subjected to 12 hours of daylight regime per day from 0700-1900 hrs. Shrimps were fed with Ocean Fresh crustacean food (SuperCrustaNorish) daily.
While testing for visual capabilities of this species via responses to light stimuli, the first display occurrence was noticed. Analysis of the video recording of this behaviour resulted in this study [see on-line video clips at http://media. brill.nl/jcb/32/5]. Conditions that prompted the first display occurrence were replicated on all 38 available individuals; visual stimuli of continuous white light from a light-emitting diode source (LED) (5.94 × 103 lux) applied at 45°to substrate level, over a period of three weeks with a minimum of two days between attempts. All experiments were carried out between 1200-1600 hrs, in a dark room with other light sources blocked out, and the light source was placed directly facing the aquaria. Each individual was tested for a minimum of ten times over the three weeks. Variations to these stimuli were also applied to test their efficacy in eliciting the response; these included: 1) buried (completely buried) or exposed (buried for only half of its length) artificial burrows, 2) flashing (instead of continuous) white light, and 3) varying angles of 90°and 135°(instead of 45°) to substrate level. One of two video cameras-Sony Video Camera Recorder (DCR-PC120E) and Canon Camera (SX130IS) were used to record the sequence of motions for 10 minutes upon the exposure of the stimuli.
RESULTS
The undocumented display was successfully elicited in eight different instances by eight individuals. All displays were carried out within the burrow by freshly molted individuals (within one day of molting) of both sexes. Only freshly molted individuals exhibited grooming of the eye. However, only non-molted individuals were attracted to the light stimuli evidenced by moving towards the direction of the light to the edge of the tank (please refer to Table 1 ). The repetitive-motion display was never observed in individuals prior to or after the first day of molting. Both continuous and flashing white light elicited the display and in one instance, the shrimp displayed with only ambient light. When the artificial burrow was buried, the display was only performed when light source was at 45°. However, when the artificial burrow was exposed, various light stimuli (at 90°, 135°, and in one instance, ambient light) also elicited the display (Table 2 ).
All the displays were identical and were performed within the burrow but near the entrance, with cephalothorax facing the entrance. In this position, the following sequence of motions was performed continuously. Firstly, the shrimp shifted its entire body forwards, with the cephalothorax angled downwards with respect to the pleon. During this forward movement, the shrimp extended both chelipeds forwards and towards each other. When chelipeds were fully extended, the shrimp rapidly jerked its entire body backwards by curling its pleon slightly and extending walking pereiopods. During this jerk, the cephalothorax was angled upwards, while the chelipeds were spread apart and moved backwards (refer to Fig. 2 for illustration and three on-line videoclips for the entire display sequence). Throughout these continuous movements of chelae and cephalothorax, the pleopods were continuously undulating (fanning). This entire sequence of motions typically lasted between one to two seconds and was repeated between 5 repetitions (9 seconds) to 31 rep- etitions (51 seconds) (recorded). However, during extended repetitions, subsequent cheliped movements and body jerks were not as pronounced as the first few. DISCUSSION Individuals of both sexes of A. rapax performed the display sequence only within the first day of molting and while staying within the burrow. The display sequence was previously un-documented probably due to the difficulty in observing newly-molted individuals in the wild. As crustaceans often shelter in crevices or burrows during and after molting (Reaka, 1976; Tamm and Cobb, 1978) , research on freshly molted crustacean behavior is limited. The tendency to remain in shelters, coupled with the short time window when the display sequence is carried out likely contributed to the novelty in the observation of this display.
The paucity of data on premolting, molting and postmolting behaviour in crustaceans prevents the definitive-cause identification for the observed display. Behavioral displays serving other general purposes however, have been observed in several species of Crustacea (Salmon and Atsaides, 1968; Sargent and Wagenbach, 1975; Hazlett, 1979; Becker et al., 2005) ; mate attraction in fiddler crabs, Uca spp. (Salmon and Atsaides, 1968) , agonistic interactions in stomatopods (Hazlett, 1979) , and advertisements of cleaning services by Fig. 2 . Sequence of motions performed in the display by A. rapax. 1, shrimp at basal state; 2, chelipeds move towards cephalothorax, cephalothorax and chelipeds move forwards and downwards, vigorous fanning of pleopods; 3, posterior part of the shrimp moves upwards as the anterior part moves further downwards; 4, shrimp jerks backwards and upwards, spreading chelipeds away from cephalothorax, vigorous fanning of pleopods continues; 5, posterior part of the body moves downwards as the anterior part moves upwards, chelipeds continue moving outwards; 6, chelipeds move toward cephalothorax, cephalothorax and chelipeds move forwards and downwards; vigorous fanning of pleopods continues; 2-7: posterior part of the shrimp moves upwards as the anterior part moves further downwards, continues with motion 2-4 and the cycle repeats itself.
Urocaridella spp. (Becker et al., 2005) and Periclimenes anthophilus (Sargent and Wagenbach, 1975) . As this is the first documentation of the described display sequence that does not fit into any known category, this paper suggests two likely reasons for the aforementioned behaviour: 1) as a means to mitigate physiological changes associated with molting, or 2) as a form of dishonest signaling.
The display was initially considered as a behavioral response to mitigate physiological changes associated with molting. This stemmed from the one instance when the display was performed without white light stimulus, and only ambient light present. During the period after ecdysis, changes in the rate of oxygen consumption and nitrogen excretion (Carvalho and Phan, 1998) are commonly observed in crustaceans. This could explain the behavior of A. rapax as the rapid shifting of position could increase the rate of water flow over the pleopods consequently aiding the exchange of oxygen and nitrogen, and mitigating such physiological changes. This display was also postulated to aid in the pumping of water into body cavities for size increase after ecdysis.
After much consideration however, the displays were agreed to be a form of dishonest signaling. When a light stimulus was presented, signs of stress such as continuous entries and exits from burrow and increased frequency in grooming of the eyes were observed in most molted individuals. These reactions are similar to those displayed by other crustacean in response to un-favourable stimuli (Gherardi, 2009); excessive grooming of afflicted appendages by Palaemon elegans Rathke, 1837 (Barr et al., 2008) and evacuation of shells in Pagurus bernhardus (Linnaeus, 1758) (Elwood and Appel, 2009 ). The light source was probably perceived as an un-favourable stimulus as individuals of A. rapax only encounter such high light intensities on short bouts outside their burrows. Individuals of A. rapax occasionally open their major chelae or snap when under similar stresses or perceived threats. Unlike non-molted individuals, molted individuals were not able to perform a snap when threatened. In fact, within the first day of molting, individuals were completely unable to open their chelae.
The similarity between the actions sequence of a snap of A. rapax and the display performed further lends support to the dishonest signaling hypothesis. Dishonest signaling has been observed in crustaceans like stomatopods where a meral spread is performed despite the inability to attack (Adams and Caldwell, 1990) . Meral spread is similar to behavior observed before an attack (Caldwell and Dingle, 1975) , where these stomatopods lift their cephalothorax and extend their appendages (Adams and Caldwell, 1990) . Newly-molted individuals of A. rapax could have perceived the light stimulus as a threat and responded accordingly. However, due to the soft exoskeleton, it is possible that a snap could not be generated and instead, the display was performed.
The only instance in which the display was elicited in the absence of the white light stimulus can be still be accounted for if the dishonest signaling hypothesis is adopted. The burrow substitutes used in these experiments allowed a greater amount of ambient light into the burrow when compared to those in the wild. In this instance, the shrimp was in an exposed artificial burrow (buried for only half of its length). The ambient light perceived while within the burrow may be sufficient to elicit the display, even if the light stimulus was absent.
